SUMMARY
Introduction
In the operation of an electrical arc furnace (EAF) the first goal is to produce a maximum of steel in the shorter time and at the lowest costs per ton. To reach this target, many of the advances made in EAF technology over the last 20 years are related to :
-Increasing the energy transmitted to the furnace [1] [2] (electrical energy and alternative forms of energy such as oxygen lancing and oxy-fuel burners) in order to reduce power-on time -Increasing the speed of the actuators to reduce the power-off time.
The increase of the energy input was possible through two important improvements in the EAF: the cooling panels [3] and the foamy slag [4] . A special attention, in the past decade, concerned scrap management [5] because the composition of the scraps affects the productivity of the EAF. However, although the EAF operations take advantages of these improvements [6] , due to a poor matching between the EAF and the electrical distribution system where the furnace is connected, the target listed above is not reached. Therefore, especially during the scrap melting, large variations of arc voltage and current, active and reactive power are observed. These variations affect the EAF performances and cause flicker effect [7] [8] and current harmonics [9] at the point of common coupling (PCC). The flicker effect, induced by the low frequency modulation (between 0.5Hz to 30Hz) of the voltage at the PCC, is the major disturbance.
To reduce the severity of this problem, the EAF installation must be equipped with a Static Var Compensator (SVC) or a STATCOM To reach a better productivity of the furnace and lower electrical disturbances on the power network the LEEI (Laboratory of Electrical Engineering and Industrial Electronics, Toulouse, in France), has recently undertaken a project to develop a new concept of electric power supply for AC arc furnace. The first step of this project is to provide a means of examining the performances and the electrical disturbances of an EAF. At this effect, measurements have been carried out on a steel plant.
Brief description of the EAF operations
The operating process (tap to tap time) of an EAF to make steel by melting scrap is made up of the following operations: boredown, meltdown and refining (power-on time) and recharging scrap, deslagging and tapping (power-off time).
To increase steel production, the scraps are usually recharged 2 times before refining.
Presentation of the Steel Plant
The steel plant includes two 90 t AC furnaces, EAF1 and EAF2, which are supplied from the 20kv bus by 75 MVA and 74 MVA on load tap changing transformers. The plant includes also two 12 MVA ladle furnaces. On the 20kv bus a 90 MVA SVC is added with associated harmonic filters (third, fourth, fifth and, seventh). The PCC is on the 220kV power network and the short circuit power at this level is equal to 6000 MVA. The figure 1 shows the single-line diagram for electrical supply of the furnaces. The measurements are done for each arc furnace at the secondary side and primary side of the transformers. The figure 2 shows the measurement arrangement. The line-to-neutral voltages (v i ) and line currents (i i ) for all three phases (i=1,2,3) have been sampled and stored on a computer in real time during tap to tap time using a Daqboock/260 multi channels A/D converter 16 bit resolution. The sampling rate for each channel is configured for 2Ksamples/s, which corresponds to 40 samples/cycles of 50 Hz waveforms. 
Arc furnace electrical characteristics
Where: T is fundamental period, t n =n*h, M is the number of sampled points per cycle and h is the sampling interval. The expression of the active power per cycle and on each phase is given by:
The rms voltage (3) and current (4) are determined by the following expressions:
The apparent power and the power factor can be calculated as shown in the following equation:
If the v i and i i are respectively the secondary voltage and current of the furnace transformer the arc voltage can be calculated by
Where: L FS and R FS are respectively the inductance and the resistance of the cables which connect the electrode to the furnace transformer. The equations similar to (3) and (2) The equations 4 and 9 allow calculating the total harmonic distortion for each phase To find a reliable value, the reactive power is calculated for the fundamental harmonic of the voltage and current.
The rms value of the positive sequence for each harmonic is ( ) 
Similarly, the negative sequence current for each harmonic is ( ) These parameters can be considered as random variables, thus, in the following section, to characterize the arc furnace performances, the statistical properties including: minimum, maximum, mean (M), rms value, standard deviation (SD) and the probability density function are calculated.
Typical results
In the following section, due to the space limitation, we consider only the EAF2 performances during the boredown and the refining. The figure 3 shows the arc voltage and current waveforms. . This unbalance affects the furnace performances, decreasing the total active power as it shows in the figure 4.b. The operating power factor is around 0.8 for boredown and refining operations.
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Harmonic consideration
The furnace shell is grounded and it represents a star connection of the three arcs. The secondary side of the EAF transformer is delta connected. Due to this connection the zero sequence component of the currents is null, than, in the hypothetical case of a balanced operation, the current waveform contains the characteristic (5 th , 7 th , 11 th etc) harmonics. In this case the harmonics of the order 6n-1 can be represented as the negative sequence and the harmonics of the order 6n+1 can be represented as the positive sequence. However, the operation of the furnace is unbalanced, especially during the boring and melting period (Table I and 
Flicker effect
To determine the flicker effect at the PCC, when only one arc furnace is working without SVC, a three phase model of EAF and an UIE flicker meter, [10] [11] with the standardized specifications, have been implemented in MATLAB/SIMULINK software. For the lines and the transformers of the steel plant, all the resistors and inductors were taken into account. The table III shows, for the different sequences of the tap to tap time and tape changer positions, the total impedance calculated at the output of the EAF2 transformer. For the simulations, the arc resistance variations are read in a MATLAB file. This file is determined for each phase, and during tap to tap time by the relationship 7 taking into account the secondary voltage and current measurements. (Note that thanks to the SVC added on the 20 kV line the EAF2 arc current is independent of the EAF1 operations) The figure 6 shows the arc resistances calculated during the boredown operations. The simulation results are presented in the The table IV shows that during refining the flicker effect is significantly reduced. This is typical because the furnace presents lower active and reactive power variations (table II) Where: V 0 is the voltage at the PCC for no load, R and X are respectively the line resistance and reactance at the PCC, δP and δQ are the active and reactive power variations.
Conclusion
The method of data acquisition and analysis described in this paper was used to evaluate the electrical characteristics of a typical steel plant. As would be expected, the disturbances such as the harmonics and the flicker effect were significantly increased during the scrap melting. In this period a significant unbalance was also observed. This unbalance affects the harmonics differently and induces, in each phase, large active and reactive power variations. These variations increase the flicker effect on the power network and decrease the active power transferred to the electrical arc. With a view to increase the EAF productivity and reduce the electrical disturbances, a good matching between the electrical power supply and the EAF is necessary. In the future, this target will be reached by using a new power electronic supply.
